The forest structure and composition of Afromontane forests in Ethiopia, where Arabica coffee is originated and grown as an understorey shrub, have been deteriorating following intensive and ever-increasing management interventions for coffee production. The study conducted in Zege Peninsula Dry Afromontane forest to (1) examine the impacts of coffee production on vegetation composition and forest productivity, (2) document farmers' forest management practices and tree species preference, and (3) understand the challenges in conserving Zege Peninsula forests. Vegetation data were collected in 67 circular sample plots, each with 10 m radius. Household survey and focus group discussion was used to gather socioeconomic data. The results indicated that forest management practices that favor coffee production influenced the diversity and evenness of woody species. The non-coffee forest displayed significantly (p = 0.001) higher woody species diversity than coffee-based forest. The Shannon diversity and evenness were 3.23 and 0.79 in non-coffee and 2.00 and 0.52 in the coffee-based forest, respectively. However, the basal area in the coffee-based forest (23.09 m 2 ha -1 ) showed significantly (P = 0.001) higher when compared to non-coffee (13.92 m 2 ha -1 ). The majority (81.4%) of respondents put Ehretia cymosa, Albizia schimperiana and Millettia ferruginea as their first choice in coffee production. Timber and fuelwood extraction for the market is the main factor currently threatening Zege forest. Coffee yield reduction, mentioned by 84.5% of the respondents, owing to seasonal rainfall variability aggravated timber and fuelwood extraction for the market.
Introduction
The Ethiopian dry Afromontane forests which share over 50% of the African Afromontane forests are known for their floral and faunal species richness and a high number of endemic species (Aerts et al. 2016; Mairal et al. 2017; Teketay 2005) . Particularly, Afromontane rainforests are known as centers of origin and genetic diversity of Coffea arabica and still harbor wild coffee plant (Gole et al. 2008; Schmitt et al. 2010; Senbeta and Denich 2006) . Moreover, they are also a source of wood for fuel and market, foods, including wild fruits, edible green leaves, and herbs, particularly for people who live near or within the forest (Amare et al. 2017; Pingali 2015; Powell et al. 2015) . For instance, in the southern part of Ethiopia, there are households who extract about 30-75% of their cash income from remnant coffee based forests (Eshete 2013) .
The study area, Zegie Peninsula forest, is part of the world's mountain regions (Grêt-Regamey et al. 2012 ) and the only semi-natural forest in northern Ethiopia where people live in and making their living with coffee produced in the forest. It is classified as undifferentiated or dry Afromontane vegetation type containing a few remnants of Afromontane tree species, including Podocarpus falcatus and Prunus africana (Aerts et al. 2016; Friis 1992) . The Zegie Peninsula forest is one of the main tourist attraction sites in the region coupled the ancient Monasteries found within the forest containing beautiful paintings, scrolls and many centuries-old manuscripts, crowns and dresses given from Ethiopian Emperors. This enables many dwellers, especially the youngsters diversifying their income source through tourist guiding and selling locally produced souvenir (Amare et al. 2017) . On the other hand, the forest covers the hillsides bordering Lake Tana is rendering important ecosystem service of soil erosion protection and siltation of the lake. The Zegie forest is also a home of about 67 ethnomedicinally important plant species, which belong to 64 genera and 44 families (Teklehaymanot and Giday 2007) .
Despite many ecological and economic significance, remnant Afromontane forests in Ethiopian including the Zegie peninsula where coffee grows as an understorey shrub, have been subjected to intensive traditional management activities (Aerts et al. 2011; Gole et al. 2008; Schmitt et al. 2007 ). The human impact caused by harvesting of wood for fuel and charcoal production (Gole et al. 2008) , and replacement of native forests with introduced, fast-growing tree species (Amare et al. 2016) , are serious problems affecting many of remnant these forests. These management practices coupled with different human interventions (e.g. expansion of arable land and settlement) aggravated degradation of remnant indigenous tree/shrub species.
The influence of such management practices on vegetation composition, species diversity and productivity are not well studied. However, such information is crucial to design appropriate management practices, conserve existing forest patches and sustain the benefits that can be obtained from existing Afromontane forest resources. Therefore, the present study was conducted in the Zegie Peninsula Forest, Northern Ethiopia to: (a) assess the impacts of coffee management practices on vegetation composition, regeneration status, forest structure and forest productivity, (b) document farmers' forest management practices and tree species preference, and (c) investigate factors aggravating degradation of the Zegie Peninsula forest.
Methods

Study area
The study was conducted at a Zegie Peninsula forest located between 11°40 0 and 11°43 0 N and 37°19 0 and 37°21 0 E in Northern Ethiopia about 35 km north of Bahir Dar (Fig. 1) . The study area covers about 1219 ha with elevations ranging from 1770 to 1988 m above sea level. About three-fourths of the forest edge bounded by Lake Tana, the largest lake in Ethiopia and the source of the Blue Nile River.
Zegie Peninsula forest has two sections: a coffee dominated semi-natural forest part comprising the largest portion, where farmers live in and grow coffee (hereafter referred to as coffee-based), and the remainder where coffee is not grown (hereafter referred to as non-coffee). The non-coffee section located in the central part of Zegie Peninsula forest is smaller in size and administered by the local administrative bodies.
The rainfall pattern of the study area is unimodal. According to Ethiopian Meteorological Station data (EMS, unpublished) 15 years of climate data (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , about 86.6% of the total annual precipitation occurs between June and September. However, there is a very small amount of rain between March and May which sparks the initiation of coffee flowering and result in better coffee produce. The annual mean precipitation between the years 1996 and 2010 was 1660.4 mm with mean monthly minimum (0.1 mm) and maximum (458.9 mm) (Fig. 2) . The mean annual temperature is 18.9°C whereas the mean monthly minimum and maximum temperatures are 6.2 and 30.9°C, respectively.
The total population of Zegie Peninsula was estimated about 7489 (3456 female and 4033 male) in 2011 with the average landholding size of about 2.5 ha/household (district census, unpublished). The livelihood depends mainly on coffee produce and partially on firewood sale and fishing (source: dwellers and district administrative bodies). There are seven Ethiopian Orthodox Tewahido Monasteries within or surrounding the Zegie Peninsula forest which has been established around twelfth centuries.
Data collection
To collect vegetation data, eight transects were established in the two forest sections: five in the coffee-based and three in non-coffee forest section. As forest inventories require a certain average minimum number of trees and area coverage of forest, we varied the transact and plot intervals based on the size of study forest. Accordingly, the intervals between transects were 500 m in the coffee-based and 200 m in the non-coffee. Along each transect, sample plots were established at 400 m intervals in coffee-based and 150 m in the non-coffee forest. A total of 67 circular sample plots (53 in coffee-based and 14 in non-coffee) were established. Tree height, diameter at breast height (dbh; 1.3 m), crown diameter, live and dead stumps, and regeneration data were collected in each sample plot. Woody seedlings with dbh \ 2.5 cm or height less than 1.3 m were counted in the central smallest circular plot (1 m radius) (Belay et al. 2018; Sisay et al. 2017) . The middle-sized sample plot with 3 m radius was used to record dbh and height of all woody saplings and shrubs with dbh C 2.5 cm and \ 10 cm. Trees and woody climbers with dbh C 10 cm were recorded in the outer circular sample plot of 10 m radius. We recorded sample plot coordinates with GPS and tree height with Hypsometer or graduated stick depending on tree size. Caliper was used to measure dbh but for larger trees, we measured the circumference and derived dbh.
Plant identification was made using flora manuals such as Honey Bee Flora of Ethiopia (Fichtl and Admasu 1994) and Flora of Ethiopia and Eritrea (Edwards et al. , 2000 Hedberg and Edwards 1995; Hedberg et al. 2006) . For species which could not be identified using the manuals, collected voucher specimens were taken to National Herbarium in Addis Ababa University. Those species still undefined in National Herbarium were put as unknown.
In addition, household survey, focus group discussion and personal observation were used to strengthen the inventory results. For the individual household survey, 43 households were selected randomly. The discussion was conducted with two focus groups, each comprising six members, including natural resource experts, chairman of local district and Monks. The survey questions and focus group discussions focused on: (a) the link between coffee production and the sustainability of Zegie Peninsula forest, (b) the effect of Zegie Peninsula forest on communities income sources and livelihoods diversification, and (c) the importance of local institutions/churches to protect, use and manage the Zegie Peninsula forest.
Data analyses
The number of species (richness) was calculated for each sample plot and forest section. Richness is the most common alpha diversity, a metric that weights all species equally (Potter and Woodall 2014) and an important indicator for diversity assessment (Tenzin and Hasenauer 2016) . Shannon diversity (H) and Evenness or Equitability Index (E) were used to analyze the woody species composition for each forest part and the whole Zegie Peninsula forest (Magurran 2004) . Evenness is a measure of the deviation of each species distribution from the equal proportion of all species in a community which varies between 0 (species are not at all equally distributed) and 1 (all species approximately equally distributed). The Shannon diversity index of each sample plot and forest section were calculated using the equation:
where S the number of species (richness) and P i the proportion of the ith species, (P i = ni/N), ni is the total count of ith species and N is a total number of individuals recorded in the study site. Shannon's Evenness was calculated as:
Multiple Response Permutation Procedure (MRPP) (Blouin and Connor 1985) was also used to validate the species composition difference between coffeebased and non-coffee forest. MRPP is a nonparametric statistical procedure for testing the hypothesis of no difference between two or more groups of entities based on the permutation test among and within group dissimilarities (McCune and Mefford 1999). The Euclidean distance was used as a distance measure in our MRPP test as it eliminates the differences in total abundance among sample plots/units. Importance value index (IVI) is an important parameter in understanding the competitiveness of species in a given community (Uniyal et al. 2010) and showing a more realistic figure of dominance in vegetation structure. The species having highest IVI is considered as dominant and the second highest as codominant (Sagar et al. 2008) . The Importance value index of each species calculated following the equation:
Relative density RD ð Þ ¼ total number of species i total number of all species Ã 100
Relative basal area RBA ð Þ ¼ total basal area of species i total basal area of all species Ã 100
As the number of sample plots for the non-coffee forest were small, we used nonparametric, Wilcoxon Rank Sum Test Bauer (1972) to compare the statistical differences in basal area, stand density and species diversity between the two forest sections. For data analysis, we used R-statistical software (R Core Team 2016) and Biodiversity-R package (Kindt and Coe 2005) .
Results
Species richness and composition
In all inventory plots, a total of 74 woody species (48 from coffee-based and 60 from non-coffee) representing 41 families, and 10 unidentified woody species were recorded. Fabaceae was the most diverse tree family in the forest containing 7 species followed by Rubiaceae and Moraceae each having 4 species. The result showed that the non-coffee forest section is significantly (P \ 0.05) diverse than coffee-based (Table 1) .
Based on the abundance of species, clustering was done for the two vegetation groups using Nonmetric Multidimensional Scaling (NMDS) (Fig. 3) and tested using MRPP for the hypothesis of no difference between the groups. The two forests highly differed (p \ 0.05) in their species composition, while the A statistic (chance correlated within-group agreement) was 0.107. The A statistic is a descriptor of withingroup homogeneity and falls between 0 and 1.
Basal area, density and importance value index (IVI) Unlike the species diversity and evenness, the basal area observed in coffee-based forest section was significantly higher (P \ 0.05) when compared to the non-coffee forest section. ) and Stereospermum kunthianum (1.29 m 2 ha -1 ) were the first three dominant tree species in the non-coffee forest.
The mean stand density of coffee-based forest was 5946 stems ha -1 which is not significantly (P [ 0.05) different from the non-coffee forest with 4229 stems ha -1 . The highest proportion (76.84%) of the total stem density of coffee-based forest was obtained from C. arabica (2644 stems ha -1 ), M. ferruginea (1217 stems ha -1 ), Diospyros abyssinica (380 stems ha -1 ) and E. cymosa (329 stems ha -1 ). In the non-coffee forest, however, only 32.8% of the total stem density came from Buddleja polystachya (714 stems ha -1 ), S. kunthianum (348 stems ha -1 ), Vernonia amygdalina (325 stems ha -1 ). C. arabica, M. ferruginea and E. cymosa were tree species that had the highest contribution (18.3, 13.9 and 12.1%, respectively) to IVI in the coffee-based forest whereas F. vasta and Rhus glutinosa had the highest contribution (11.9 and 8.0%, respectively) to IVI the non-coffee forest (Table 2) .
A comparison was done on the seedling, sapling and tree proportion in each of the forest (Fig. 4) . The results indicated that the proportion of sapling was higher compared to the seedling in the coffee-based forest. In the non-coffee forest, however, seedling had the higher share compared to sapling proportion. The population structure of forests in both study sites displayed an inverted ''J'' shape (Fig. 5) . Figure 5 depicted the decline of the individual tree number as diameter size classes increases, which referred to as inverted ''J'' shape. Many economically important species, however, exhibited irregular structure. For instance, A. schimperiana had a U-shaped structure where the numbers of stems were higher in lowest and highest diameter classes with low in the intermediate diameter classes.
Tree preference and management practices
The majority (81.4%) of the respondents preferred E. cymosa, A. schimperiana, and M. ferruginea in the decreasing order of importance for coffee production (Table 3) . Management activities such as planting tree seedlings, manuring and watering are not practiced, however, selective harvesting for timber or fuelwood, slashing ground cover, looping tree branches are casual practices applied by 40 (93.0%) of respondents.
Factors influencing forest conditions
The household survey and focus group discussions confirmed that the extraction of fuelwood and timber are the main factors currently threatening coffee-based forest. The majority (84.5%) of respondents indicated that reductions in coffee yield, which consequently led RD (%) relative density, RF (%) relative frequency, RBA (%) relative basal area and IVI importance value index to reduced household income, is the main driver for increased fuelwood and timber extraction.
Discussion
The lower species richness and Shannon diversity index are recorded in the coffee-based compared to non-coffee Zegie Peninsula forest, which implies managing forest, including selective harvesting and slashing ground cover, for coffee production negatively influences species diversity. In line with our result, negative impacts of coffee forest management on diversity are reported in tropical (Ambinakudige and Sathish 2009; Correia et al. 2010; López-Gómez et al. 2008 ) and Afromontane forests (Aerts et al. 2011; Senbeta and Denich 2006) . A study by Aerts et al. (2011) shows the low tree species diversity and simplified forest structure following traditional coffee production. This is because management practices related to coffee production usually led to the selective cutting of big/mother trees and slashing of unwanted tree seedlings (Beer et al. 1998; Gordon et al. 2007 ). This is mainly attributed to the maximization of coffee yield per unit area. The total number of woody species (74) recorded in all inventory sample plots of this study is lower than the diversity reported by Alelign et al. (2007) in the same forest, Zegie Peninsula forest which could be resulted from the increase in human disturbance, and the difference in sampling size and technique. Vegetation structure is vital in ecosystem management decision, because it defines the forest condition, and regulates services and products (Franklin et al. 2002) . The diameter distribution analyses in both forest sections display a progressive declining on a number of stems as the diameter size increases (see Fig. 5 ). Such population structure might have different implications: (1) forests are either highly disturbed or larger trees are selectively harvested in the past; (2) forests are at secondary stage of forest succession; (3) trees in forests are in a good reproduction or regeneration potential or (4) forests are highly dominated by naturally small sized tree species or shrubs which was clearly seen in coffee-based forest where C. arabica alone accounted for 44.5% of the total stand density. Unlike the overall population structure, many economically important tree species exhibited differently (see Fig. 5 ). For example, A. schimperiana has a U-shaped structure where the numbers of stems are higher in lower and higher diameter classes, which shows selective cutting or extraction of medium sized individuals. On the other hand, P. africana describes that the species lacked regeneration as seen in many mountain forest species (Krauchi et al. 2000) and suffered in the selective cutting of bigger trees while P. falcatus depicts failure of seedlings to grow further, infers the species is in a threat of local extinction (Neelo et al. 2013) .
Selective cutting or harvesting can improve the growth of remnant trees it minimizes resource competition among remainder trees (Boncina et al. 2007; Cameron 2002; Tenzin and Hasenauer 2016) . Similarly, our study result indicates the higher basal area in the coffee-based than non-coffee forest. In coffeebased forest selected trees are maintained to grow mature for coffee shade while others trees extracted for fuelwood when matured or slashed at the juvenile Fig. 4 The proportion of stand density (stems ha In the coffee-based forest, C. arabica was the most frequent and dense stand relative to other species which resulted in highest IVI and followed by E. cymosa due to its relative basal area and M. ferruginea with its high relative density and relative basal area. Despite its lowest relative frequency and relative density, Ficus vasta in the non-coffee forest has the highest IVI owing to its higher basal area. Similarly, in Abebaye forest F. vasta was with high IVI as a result of its high relative dominance/basal area (Zegeye et al. 2011) , implies only a few big-stemmed trees exist in both forests. Species with high IVI values are considered as ecologically more important than those with low IVI value (Lamprecht 1989) . The IVI values can also be used to prioritize species for conservation as species with low IVI needs high conservation effort than species with high IVI but this might not work for F. vasta and other similar indigenous tree species. Because the regeneration status of F. vista, despite its high IVI, currently is very poor and sensitive under a human-influenced environment in many Ethiopian forests which need conservation priority.
The household survey and focus group discussion confirm that E. cymosa, A. schimperiana and M. ferruginea are the most preferred tree species for coffee production. This is in line with the results of our vegetation survey, as these three species displayed higher mean basal area and stand density maintained in the coffee-based forest. Farmers have basic reasons for selecting tree species for coffee production (He et al. 2015; Hundera et al. 2013 ). The frequently mentioned justifications for selecting these tree species include: E. cymosa is evergreen with medium canopy density, therefore, provides year-round and mild shade to coffee plant; A. schimperiana and M. ferruginea are deciduous but important coffee shade trees as they sprout in the dry season. In addition, according to respondents, these species have better compatible nature with coffee plant than many others species. Studies on farmers shade tree selection and management practice in Southwest Ethiopia (Hundera 2016) and Costa Rica (Albertin and Nair 2004) discovered similar findings. These studies describe that farmers select coffee shade trees based on crown architecture, leaf size and deciduousness, leaf decomposition rate, impact on soil fertility and fast rate of litter decomposition. Muleta et al. (2007) and Senbeta and Denich (2006) also report in their study that A. schimperiana, A. abyssinica, E. cymosa, M. ferruginea and Croton macrostachyus commonly found in southwest Ethiopia coffee-based forest are nitrogen-fixing species. Focus group discussion and household survey put seasonal rainfall variability as the main reason behind the low coffee production in the Zegie Peninsula forest. Following coffee yield reduction, which has been the main income source of the local people, timber and fuelwood extraction for a market increasingly becomes the key factors threatening the coffeebased forest. The higher stump density recorded in the coffee-based than non-coffee forest demonstrated the increased extraction of wood (Table 4) . Free cattle grazing and charcoal production, which are among the main problems in many Ethiopian forests, were not seen in the Zegie Peninsula forest because the local people are more respectful to religious sites and abide by rules and bans of the church (Amare et al. 2017 (Amare et al. , 2016 Wassie et al. 2010) .
Conclusion
The study result shows that coffee production (1) has negative impact on tree species richness, diversity, composition and seedling regeneration (2) improves basal area production per hectare, almost double of non-coffee forest section (3) has no significant influence in stand density, however, the highest proportion, nearly 50%, is coffee plant. Precipitation scarcity in the area at the time of coffee flowering initiation highly affected coffee production, which in turn exacerbates timber and fuelwood extraction for the market. Hence, it is important to maintain the Zegie Peninsula forest and enhance its multitude service through different management interventions such as planting of fast-growing multipurpose indigenous tree species, introducing improved coffee management practices and improve livelihood diversification. Such activities would help to achieve the SDGs goal in conserving mountain forests while benefiting the local communities.
